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The laboratory

❑ Clinical and forensic genetics since 1998
❑ Acredited (UNE-EN ISO/IEC 17025) in the forensic genetics area
❑ Recognized by the Spanish Ministry of Justice
❑ Colaborating with official institutions

❑ Staff: 2 Forensic Specialists, 2 Laboratoy Technicians and 1 Forensic Lab Lead
❑ Annually receiving ~900 requests for diverse kinship analysis and ~200 bone samples for MP 

studies
❑ Processing ~3000 DNA samples/ year
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Technology evolution in the lab

1998

RFLP 

Fragment Analysis

2004

STR

Fragment Analysis

2009: ISO/IEC 17025
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Challenges to face in the recent past

❑ Huge increase in service requests

❑ Old CE genetic analyzer and need to aquire a new software version with several licences

❑ High preassure to get shorter TATs

❑ Need to use more than one kit per sample to get enough markers typed

❑ Increase of the number of high challenging samples
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Technology evolution in the laboratory

1998

RFLP 

Fragment Analysis

2004

STR

Fragment Analysis

2018

STR & SNP 

Sequencing Analysis

2009: ISO/IEC 17025
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ForenSeq® Signature Prep Kit Validation studies
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ForenSeq® Signature Prep Kit Validation studies
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Novroski et al. (2016)

Blue = # length-based alleles

Red = # sequence-based alleles
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ForenSeq® MainstAY Kit Validation studies

Autosomal STRs (28)

Y-STRs (25)
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ForenSeq® MainstAY Kit Validation studies
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ForenSeq® mtDNA CR Kit Validation studies – preliminary results

Call rate: 99,69%

Concordance: 100%
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Mini-STRs CE – Fragment Analysis

SNPs CE – Fragment Analysis

Y-STRs CE – Fragment Analysis

Consolidated 

Report
A-STRs CE – Fragment Analysis

X-STRs CE – Fragment Analysis

mtDNA CE – Sequencing

Relationship 

Samples

Routine Samples

Degraded Samples

ForenSeq MainstAY 

MiSeq FGx
ForenSeq SPK
ForenSeq mtDNA CR

Report

Main Workflow

Special cases

From CE to MPS

❑ Main workflow based in MainstAY -> real migration to MPS
❑ Minimum DNA input lowered to 0,25ng to work under 17025 standards
❑ Reports compatible with the usual downstream softwares
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MPS in Missing
Persons and 
History Projects
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Mass Grave from the Spanish Civil War (1936)
Case description

❑ 9 tooth samples proceeding from Spanish Civil War Victims

❑ 4 bucal swabs from posible relatives

❑ 3 previoulsy obtainde profiles (CE) from posible relatives

❑ Relationships inferred:
4 granfather-grandson
1 uncle-nepew
1 father-son

Procedure

❑ Cleaning and decontamination

❑ O/N incubation in lysis / decalcification buffer

❑ DNA Extraction with PrepFiler™ BTA (ThermoFischer)

❑ Quantification with Quatiplex® Pro (Qiagen)

❑ Library preparation with ForenSeq® MainstAY kit (Verogen)
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Mass Grave from the Spanish Civil War (1936)

Quantification with Quantifiler Trio

Sample ID MD23-37.1 MD23-38.1 MD23-39.1 MD23-40.1 MD23-41.1 MD23-42.1 MD23-43.1 MD23-44.1 MD23-45.1

[DNA] ng/uL 0,002 0,049 0,03 0,057 0,03 0,024 0,016 0,461 0,076

DI >20 4 7 2 3 3 4 2 1,5

MD23-37 MD23-38 MD23-39 MD23-40 MD23-41 MD23-42 MD23-43 MD23-44 MD23-45

D1S1656 INC 12,15.3 15.3,16 15,15.3 12,15 16.3,17 16.3,17 11,15 14,15.3

TPOX 11,11 8,11 10,11 8,11 8,8 11,11 11,11 8,10 11,12

D2S441 13,13 14,14 11,14 11,11 14,14 11,14 11,14 12,13 10,14

D2S1338 16,25 20,25 17,25 19,21 17,21 19,19 19,19 17,25 23,26

D3S1358 INC 16,16 16,16 17,18 17,18 15,17 17,17 15,16 16,18

D4S2408 10,11 9,11 8,9 10,10 9,10 9,11 9,11 9,10 8,12

FGA 22,22 21,22 22,24 20,22 21,23 20,25 20,25 22,23 19,21

D5S818 12,12 12,12 9,13 10,10 9,13 11,13 11,13 11,11 12,12

CSF1PO 12,12 10,13 10,11 12,13 11,14 11,12 11,12 11,12 13,14

D6S1043 INC 11,13 10,12 11,14 13,17 12,12 12,12 11,13 18,19

D7S820 INC 10,11 10,10 10,11 10,10 8,9 8,9 8,10 10,10

D8S1179 INC 13,13 10,13 12,16 12,12 11,13 11,13 13,14 9,10

D9S1122 11,13 11,13 11,11 12,12 11,13 11,12 11,12 13,14 12,13

D10S1248 13,13 14,15 12,14 13,16 14,14 16,16 16,16 13,17 16,16

TH01 INC 6,9 6,9.3 9.3,9.3 7,9 9,9.3 9,9.3 8,9 8,9.3

vWA 16,16 14,19 14,16 15,18 14,18 17,18 17,18 17,17 14,15

D12S391 INC 17,18 17,17.3 18,19 17,18 16,24 16,24 21,22 21,23

D13S317 10,10 11,11 11,11 11,12 8,11 12,13 12,13 8,12 12,13

PentaE INC 11,17 11,11 10,10 11,17 10,10 INC 12,17 13,13

D16S539 INC 10,13 11,13 9,12 12,13 11,13 11,13 9,13 9,12

D17S1301 INC 11,12 11,12 11,12 11,11 11,11 11,11 11,12 12,14

D18S51 12,15 15,21 12,12 16,18 12,13 12,15 12,15 15,15 13,14

D19S433 INC 13,14 13,13.2 13,14 13,14 13,13 13,13 14,14 12,15.2

D20S482 13,13 13,14 14,14 14,15 9,14 13,13 13,13 14,15 14,15

D21S11 30,30 32.2,32.2 27,33.2 29,30 32.2,32.2 32.2,32.2 32.2,32.2 30,30.2 28,30

PentaD INC 11,13 9,12 9,9 10,13 11,14? 11,11 9,14 13,13

D22S1045 INC 16,17 15,16 15,16 15,15 15,? 15,16 15,16 14,16

Amelogenin X,Y X,Y X,Y X,Y X,Y X,Y X,Y X,Y X,Y

Mass Grave from the Spanish Civil War (1936)
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Mass Grave from the Spanish Civil War (1936)
DVI simulation – perfomerd with FAMILIAS v 3.2.9

Based on aSTRs

Family ID Relative ID Unidentif. person Prior Posterior LR Kinship

Family 1 MD23-30 MD23-39 0,11111 0,999803 4,96E+04 GF-GS

Family 2 MD23-31 MD23-41 0,11111 0,8984 8,59E+01 GF-GS

Family 3 MD23-33 MD23-45 0,11111 0,983047 5,80E+01 U-N

Family 4 MD23-34 MD23-37 0,11111 0,984179 1,99E+02 GF-GS

Family 5 MD23-36 MD23-43 0,11111 0,999999 1,43E+08 F-S
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Bone samples Relatives

Sistema MD23-37 MD23-38 MD23-39 MD23-40 MD23-41 MD23-42 MD23-44 MD23-45 Sistema MD23-30 MD23-31 MD223-32 MD23-33

DYS393 INC 13 13 13 13 14 13 13 DYS393 13 13 -- 13

DYS505 11 12 13 11 11 11 13 11 DYS505 13 11 -- 11

DYS570 17 17 22 17 18 19 16 18 DYS570 22 18 -- 18

DYS576 16 18 18 19 16 15 18 16 DYS576 18 16 -- 16

DYS522 INC 11 INC 10 10 11 10 13 DYS522 11 INC -- 13

DYS481 22 22 24 23 26 22 22 22 DYS481 24 26 -- 22

DYF387S1 37 34,36 36,37 34,35 37,37 39,40 36,37 38,38 DYF387S1 36,37 37,37 -- 38,38

DYS19 INC 14 INC 14 15 15 14 15 DYS19 13 INC -- 15

DYS391 INC 10 10 11 10 10 11 10 DYS391 10 10 -- 10

DYS635 22 23 22 23 21 21 23 21 DYS635 22 21 -- 21

DYS437 INC 15 14 15 16 16 15 14 DYS437 14 16 -- 14

DYS439 INC 12 11 12 11 11 12 11 DYS439 11 11 -- 11

DYS389II INC 30 30 30 28 30? 28 30 DYS389II 30 INC -- 30

DYS389I INC 14 12 14 12 12 12 13 DYS389I 12 13 -- 13

DYS438 INC 12 10 12 8 10 12 9 DYS438 10 8 -- 9

DYS612 INC 38 35 37 36 37 38 36 DYS612 35 36 -- 36

DYS390 INC 24 25 23 22 23 25 23 DYS390 25 22 -- 23

DYS643 INC 10 12 10 13 12 10 10 DYS643 12 13 -- 10

DYS533 12 12 12 12 11 10 12 12 DYS533 12 11 -- 12

Y-GATA-H4 12 12 11 11 11 11 13 11 Y-GATA-H4 11 11 -- 11

DYS385a-b 13 11,14 17,18 11,14 13,14 13,16 11,14 14,16 DYS385a-b 17,18 13,14 -- 14,16

DYS460 INC 11 INC 10 10 INC 11 10 DYS460 10 INC -- 10

DYS549 INC 12 12 12 12 12 13 13 DYS549 12 12 -- 13

DYS392 INC 13 INC 13 11 11 13 13 DYS392 INC INC -- INC

DYS448 INC 19 20 19 20 22 19 19 DYS448 20 INC -- 19
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Mass Grave from the Spanish Civil War (1936)
DVI simulation – perfomerd with FAMILIAS v 3.2.9

Based on aSTRs

Family ID Relative ID Unidentif. person Prior Posterior LR Kinship

Family 1 MD23-30 MD23-39 0,11111 0,999803 4,96E+04 GF-GS

Family 2 MD23-31 MD23-41 0,11111 0,8984 8,59E+01 GF-GS

Family 3 MD23-33 MD23-45 0,11111 0,983047 5,80E+01 U-N

Family 4 MD23-34 MD23-37 0,11111 0,984179 1,99E+02 GF-GS

Family 5 MD23-36 MD23-43 0,11111 0,999999 1,43E+08 F-S

LR calculations based on YHRD (dataset Y23)

Based on YSTRs

Family ID Relative ID Unidentif. person LR Kinship

Family 1 MD23-30 MD23-39 1,37E+04 GF-GS

Family 2 MD23-31 MD23-41 3,40E+01 GF-GS

Family 3 MD23-33 MD23-45 6,43E+03 U-N
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Identifying remains from the XVIII Century
Case description

❑ Long bones from 3 different individuals found in a crypt

❑ 1 dorsal vertebra and a fibula fragment from an idubitated individual

❑ ¿Is any of the three remains found in the crypt a brother of the indubitated one?

Procedure

❑ Cleaning and decontamination

❑ O/N incubation in lysis / decalcification buffer

❑ DNA Extraction with PrepFiler™ BTA (ThermoFIscher)

❑ Quantification with Quatiplex® Pro (Qiagen)

❑ Library preparation with ForenSeq® MainstAY kit (Verogen)
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Identifying remains from
the XVIII Century
a-STRs

MD23-17 MD23-18 MD23-19 MD23-22

Amelogenin X,Y X,Y X,Y X,Y

D1S1656 16.3-17 16-16.3 14-17.3 15-17.3

TPOX 9-11 8-9 8-9 9-11

D2S441 10-13 10 11-14 11-14

D2S1338 19 16-19 17 19-24

D3S1358 15-17 15-17 14-16 14-18

D4S2408 9-11 9-11 10 8-9

FGA 20-24 24 22-27 21-27

D5S818 11 10-11 11-12 9-12

CSF1PO 10-13 11-13 10-11 10

D6S1043 11-12 11-12 11 11-14

D7S820 8-9 9-12 10 10

D8S1179 13-15 14-15 11-13 13-14

D9S1122 12-14 13-14 12 12

D10S1248 14 13-14 16-17 13-17

TH01 6-9 7-9 9.3 9-9.3

vWA 17-18 17-18 15-17 15-16

D12S391 18-23 18-23 19-23 18-19

D13S317 11-12 12 11 9-11

PentaE 7-? -- 10-11 --

D16S539 12-13 12-? 11-13 11-13

D17S1301 12 11-12 12 11-12

D18S51 15-16 13-15 17 13-17

D19S433 14-15 14 14-15 14

D20S482 13-14 14-16 13-15 13-15

D21S11 29-30 29-30 28-31.2 28-31.2

PentaD 11-14 -- 12-14 --

D22S1045 15 -- 11-16 --

Based on aSTRs

Family ID Relative ID Unid. person Prior Posterior LR Kinship

Family 1 MD23-22 MD23-19 0,25 0,999606 2,54E+05 Siblings

Based on aSTRs

Unid. Person 1 Unid.Person 2 LR Kinship

MD23-17 MD23-18 1,47E+08 Father-Son

Quantification with Quantifiler Trio
Sample ID MD23-17.1 MD23-18.1 MD23-19.1 MD23-22.1

[DNA] ng/uL 0,058 0,112 0,114 0,051
DI 7 4 6 3
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Identifying remains from the
XVIII Century
Y-STRs

MD23-17 MD23-18 MD23-19 MD23-22

DYS393 12 12 13 13

DYS505 12 12 12 12

DYS570 17 17 17 17

DYS576 18 18 18 18

DYS522 10 -- 10 --

DYS481 23 23 22 22

DYF387S1 35-36 35-36 36-38 36-38

DYS19 14 -- 14 --

DYS391 10 10 10 10

DYS635 23 -- 23 23

DYS437 15 15 14 14

DYS439 11 11 12 12

DYS389II 29 -- 29 --

DYS389I 13 13 13 13

DYS438 12 12 12 12

DYS612 38 38 38 --

DYS390 25 -- 24 --

DYS643 10 10 10 10

DYS533 12 12 12 12

Y-GATA-H4 12 12 12 12

DYS385a-b 11-13 11-? 11-14 11-?

DYS460 10 -- 10 --

DYS549 14 14 13 13

DYS392 13 -- 13 --

DYS448 19 -- 17 --

Markers considered for

calculation

Transmission

events

Estimation

method LR

DYS576, DYS389I, DYS391, 

DYS481, DYS549, DYS533, 

DYS438, DYS437, DYS570, 

DYS635, DYS439, DYS643, 

DYS3963, YGATAH4.

2 1/N+1 1,859E+04
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Bone samples studied with ForenSeq® Signature Prep Kit

DNA: 0,008ng/µL  (DI=10) DNA: 0,017ng/µL  (DI=3)

24

• Bone samples proceeding from a mass grave from the Spanish Civil War
• No STRs or SNPs amplified with ForenSeq DNA Signature Prep
• Whole mt DNA CR sequenced with ForenSeq mtDNA Control Region

Bone samples studied with ForenSeq® mtDNA CR Kit
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Conclusions

➢ MPS shows higher sensitivity

➢ Effective with low DNA input

➢ Good performance with degraded

samples

➢ More STRs in only one reaction

➢ Enables to do replicates

➢ Verogen technolgy presents two sizes of 

sequencing kit to support different 

sample throughput .
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ForenSeq Kintelligence

Challenging samples
ForenSeq DNA 

Signature Prep

ForenSeq mtDNA

N

o

Nuclear

DNA

Sample

Yes
Main workflow

ForenSeq MainstAY

Citogen’s MPS workflow
Challenge met!

ForenSeq MainstAY
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Thank you!
¡Muchas gracias!
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